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ABSTRACT 
Seventy-seven tleifers weighing about 200 kg were assigned randomly to 1) intact control (C), 
2) ovariectomized (OVX), 3) immunized against estradiol (BSA-E), 4) BSA-E + trenbolone acetate 
(BSA-E+TBA), 5) TBA or 6) ovx + TBA groups. The objective of the study was to determine the 
effects of ovariectomy, immunoneutralization of estradiol and trenbolone acetate treatment on 
growth rate and carcass merit. Heifers were fed a corn-corn silage diet and were slaughtered when 
treatment groups attained live-animal weights of 433 kg. Observations of rate of growth, efficiency 
of feed conversion, characteristics of carcasses and characteristics of organoleptic properties 
of the cooked meat were made. Average daily gains (ADG) were similar in the control and OVX 
groups and tended to be less than in other treatment groups (P<.36). Although not statistically 
significant, the observed mean for the BSA-E+TBA treatment suggests improved ADG and TDN 
per unit of gain, indicating a possible immunization X TBA interaction. Data also suggested that 
heifers implanted with TBA had increased ADG and efficiencies of gain. Possibly, immunoneutrali- 
zation of endogenous e tradiol can improve ADG as compared with control and OVX groups. Treat- 
ments had no effect on color or texture of lean muscle at the 12th rib interface. The OVX + TBA 
group had less (P<.O1) 12th rib fat cover than other groups and lower percent fat in the rib than C. 
The BSA-E+TBA and TBA groups also possessed larger (P<.02) longissimus muscle areas than the 
control group. Observations of juiciness, tenderness and flavor were similar among all treatments. 
Results indicate that implanting heifers with TBA and (or) immunizing against endogenous estradiol 
may provide opportunities to increase gains, feed conversions and lean-to-fat ratios in heifers. 
(Key Words: Heifers, Beef, Hormones, Immunization, Growth, Carcasses.) 
Introduction 
The beef industry tradit ional ly  has discrimi- 
nated against young heifers in the marketp lace 
when compared with steers. Price discrimina- 
t ion was probably  the result of sex effects on 
fat part i t ioning and d ist r ibut ion (Berg et al., 
1979). Steers also have been observed to be 
more eff ic ient in the conversion of feed to 
muscle than heifers. 
1 Mention of trade name, proprietary products or 
specific equipment does not constitute a guarantee or 
warranty of the product by the USDA and does not 
imply its approval to the exclusion of other products 
that may also be suitable. 
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Both testes and ovaries secrete steroids that  
inf luence per formance traits of cattle. Testos- 
terone appears to st imulate rate of gain and 
eff ic iency of feed convers ion in the male. Effi- 
ciencies of conversion of feed to l ive-animal 
weight gains have been less in spayed feedlot  
heifers than in intact  heifers (Horstman et al., 
1982). Estrogen levels in animals immunized 
against estrogens are considerably elevated (Mar- 
t in et al., 1978; Elsaesser, 1980; Wise and Fer- 
rell, 1984) and may produce an in vivo estro- 
genic growth effect, suggesting that  bound estro- 
gen is more readily available to the target tissue 
than  unbound estrogen. 
Hei tzman (1976) suggested that  androgens 
and estrogens are both  necessary to realize the 
max imum growth potential .  In cattle, the con- 
centrat ion of steroids in b lood that  results in 
the fastest growth rates corresponds approxi-  
mate ly  to a combinat ion  of the androgen level 
in growing bulls and the estrogen level in young 
heifers. Thus, the opt imal  t reatment  should 
mainta in  this natural  hormone status for as long 
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as possible, preferably several months. If tbe 
hypothesis is valid, the greatest benefits would 
be seen in bulls treated with estrogens, steers 
treated with an androgen combined with an 
estrogen, and heifers and cows treated with 
androgens. In practice, implants of estrogens or 
a preparation of estrogens and androgens are 
used in steers, veal calves and bulls, whereas 
androgenic preparations (e.g., trenbolone) are 
used in heifers and cows. 
The manipulation of various endogenous and 
exogenous anabolic hormones that influence 
tissue growth may be a means for increased 
growth rate and efficiency of females to a point 
comparable to the male (castrate or intact). The 
objectives of the investigation were to deter- 
mine the effects of surgical castration, estradiol 
immunoneutralization a d(or) treatment with 
an exogenous androgen (trenbolone acetate) on 
growth, carcass characteristics and meat palat- 
ability of heifers fed in a feedlot. 
Materials and Methods 
Material. A total of 90 (13 were later omitted 
from study) late-maturing, crossbred heifers 
(Angus or Hereford dams bred to Simmental) 
or intermediate-maturing crossbred heifers 
(Hereford x Angus or Angus x Hereford) were 
randomly assigned within breed type to one of 
six treatments. Heifers were born in October, 
weaned in January and assigned to treatments 
in February after a 30-d conditioning period. 
Heifers weighed about 200 kg at the initiation 
of the experiment. Youthful heifers were re- 
quired to alter hormonal regulation of growth 
before puberty; therefore, heifers were assigned 
to treatments before reaching puberty. Animals 
were fed in pens of five animals each in three 
replicates. Both breed types were represented in
each pen. Animals were fed an 85% total digesti- 
ble nutrient (NRC, 1982), 10.5% crude protein 
corn-corn silage diet supplemented with soybean 
meal and minerals during the finishing phase of
the trial. Feed consumption was recorded and 
animals were weighed, immunized and(or) im- 
6 Trenbolone acetate was provided by Drs. Bouf- 
fault and Scheid of Roussell-UCLAF, Paris, through 
Dr. Olson of the Center for Regulatory Services, 
Reston, VA. 
~Steraloids, Inc., Wilton, NH. 
8 Difco Lab., Detroit, MI. 
9 Ciba-Geigy AG, Basle, Switzerland. 
to New England Nuclear Corp., Boston, MA. 
planted at 56-d intervals. Analyses of live-animal 
performance data were based on records from 
the last week of March through slaughter. 
Treatments. The following treatments were 
applied to the heifers: group 1- intact  heifer 
controls (C) injected with 1 ml physiological 
saline (9 gm NaCl/liter); group 2-ovariecto- 
mized heifers injected with 1 ml saline (OVX); 
group 3- intact  heifers immunized against estra- 
diol conjugated to bovine serum albumin (BSA- 
E); group 4--intact heifers immunized as in 
group 3 plus trenbolone acetate (BSA-E+TBA); 
group 5--intact heifers implanted with trenbo- 
lone acetate (TBA); group 6-ovariectomized 
heifers implanted with trenbolone acetate 
(OVX+TBA). 
To initiate the xperiment (February), 200 
mg trenbolone acetate 6 was administered as an 
ear implant to heifers in treatment groups 4, 5 
and 6. All heifers were re-implanted at 56-d 
intervals through September 10, thus permitting 
a 60-day withdrawal period. 
Heifers in groups 3 and 4 were each divided 
into three subgroups and immunized April 2 at 
about 6 mo of age by subcutaneous injection 
along the udder with 1 mg of 1,3,5 (10)-estra- 
trien-3,17/3-diol-6-one carboxymethoxime-BSA 
conjugate 7. Freund's complete adjuvant, squ- 
alene:arlacel containing Mycobacterium tuber- 
culosis 8 squalene:arlacel containing the mura- 
myl dipeptide CGP 116379 were mixed with an 
equal volume of saline to serve as adjuvant and 
vehicle for estradiol immunization in the three 
respective subgroups. Booster immunizations 
involving 1 mg of antigen and the respective 
adjuvant-vehicle combination were given April 
30, June 21 and September 10. Estradiol-binding 
titers were measured from blood collected at 
slaughter by incubating aliquots f diluted serum 
(1:100, in phosphate-buffered saline) with .01 
/aCi of [ 1,2,6,7,16,173 H ] estradiol- 17/3 (specific 
activity 137 Ci/mmol) 1~ in a dextran charcoal 
radioassay. Titers were expressed as the per- 
centage of radiolabeled estradiol specifically 
bound. Those heifers receiving Freund's adju- 
vant (BSA-E, 50 + 14%, BSA-E+TBA, 39 + 
14%) or squalene:arlacel containing Myco- 
bacterium (BSA-E, 85 -+ 3%; BSA-E+TBA, 
70 + 11%) produced a favorable response; 
squalene:arlacel containing the muramyl di- 
peptide adjuvant was ineffective (BSA-E, <2%; 
BSA-E+TBA, <1%). These data indicated that 
adjuvant was important in determining immune 
response in heifers. Heifers (n=13)treated with 
squalene:arlacel containing the muramyl di- 
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peptide adjuvant were omitted from the anal- 
yses. 
Slaughter and Carcass Evaluation. Animals 
were slaughtered in the U.S. Meat Animal Re- 
search Center abattoir when attaining slaughter 
weights of about 433 kg. Carcasses were evalu- 
ated and graded (USDA, 1976) after being held 
in a 2 C cooler for 24 h. Carcasses were scored 
for lean color (1 = dark red; 8 = light cherry 
red), lean firmness (1 = very soft; 8 = very firm) 
and lean texture (1 = very coarse; 8 = very fine). 
Maturity was scored (100 to 199 = A; 200 to 
299 = B) and marbling was scored (200 to 299 
= slight; 300 to 399 = small; 400 to 499 = mod- 
est). 
The 9 -10-11th  rib section of the left side 
of the carcass was removed by procedures out- 
lined by Hankins and Howe (1946). The soft 
tissue was separated and thoroughly ground, 
mixed and subsampled in triplicate for chemical 
analyses. Moisture and fat were determined by 
oven-drying duplicate 2-gsamples at 100 C for 
12 h and soxhlet ether extraction of the dried 
sample for 48 h (AOAC, 1980). 
Longissimus muscles (LM) from the left side 
were vacuum-packaged in a chamber-type, heat- 
sealed package, aged for 7 d at 2 C and frozen 
at -30  C for no longer than 3 too. Steaks were 
cut 2.5 cm thick while in the frozen state. One 
steak from the LM muscle corresponding to the 
second lumbar vertebra was assigned to shear 
evaluation; two steaks corresponding to the 
third and fourth lumbar vertebrae were assigned 
to sensory evaluation. 
Textural Properties. Steaks were tempered 
overnight at 4 C and cooked 11 to an internal 
temperature of 70 C. Internal temperature of
each steak was monitored by iron/constantan 
thermocouples placed in the geometric center of 
each steak. Steaks were then cooled about 2 h 
to an internal temperature of 20 C. A minimum 
of six cores (1.25 cm diameter, 2.5 cm long) 
were removed from each steak parallel to fiber 
direction. Each core was sheared twice with a 
Warner-Bratzler shear device attached to an 
Instron Universal Testing machine (model 
132) x2 with a microprocessor (microcon II) 12. 
Peak force was recorded (shear force). 
la Farberware Open Hearth broilers. 
12 Instron Corp., Canton, MA. 
Sensory Panel. A descriptive attribute panel 
was trained and tested according to methods 
described by AMSA (1978) and Cross et al. 
(1978). Panelists evaluated samples in individual 
booths. Two sessions were scheduled 3 d per 
week at midmorning. Each session consisted of 
five randomly selected samples with a 10-min 
intermission between each session. Each panel- 
ist received three pieces of each sample. The 
mean of the three samples and 10 panelists for 
each carcass side was used for data analyses. 
Panelists evaluated each sample for variation in 
juiciness (1 = extremely dry; 8 --- extremely 
juicy), ease of fragmentation (1 = extremely 
difficult; 8 = extremely easy), amount of con- 
nective tissue (1 = abundant; 8 = none), overall 
tenderness (1 = extremely tough; 8 = extremely 
tender), flavor intensity (1 = extremely bland; 8 
= extremely intense) and off flavor (1 = intense; 
4 = none). 
Fiber-Type Cbaracteristics. A center section 
of the LM was removed from the loin in the 
region of the last lumbar vertebra of each car- 
cass. The section was frozen in liquid nitro- 
gen, wrapped in aluminum foil and stored in an 
ultralow freezer ( -63  C). Transverse sections 
of each LM sample were cut 10 ~m thick using 
a cryostat and stained for alkali-stable ATPase 
as described by Guth and Samaha (1970). Serial 
sections were stained for  succinate dehydro- 
genase activity according to procedures des- 
cribed by Troyer (1980). Sections were later 
photographed and enlarged. Fibers were then 
counted and classified as red, white or inter- 
mediate based on staining intensity. The area of 
10 fibers of each type was then determined using 
a Bioquant particle size analyzer. Muscle fiber- 
type characteristics are expressed as a percentage 
of red, intermediate or white and mean area 
(#m 2 ). 
Statistical Analysis. Response variables were 
analyzed by least-squares analysis of variance 
(SAS, 1982a,b). The model for growth and per- 
formance traits included the mean, replication, 
treatment and covariate initial live-animal 
weight. The model for postmortem traits in- 
cluded the mean, replication, treatment, breed 
type, interaction of breed type x treatment, 
covariates carcass weight and initial live-animal 
weight. Residual variation was used as an error 
term in both models. Treatment • breed groups 
was not an important source of variation 
(P>.05). Treatment group means that were 
significantly different (P<.05) were separated 
by Duncan's multiple range test. 
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Results and Discussion 
Growtb and Performance. Average daily 
gains (ADG) and quantities of total digestible 
nutrients (TDN) required per unit of gain for 
treatments are given in table 1. Growth and 
performance treatment means indicate possible 
results due to treatments, but must be taken 
tentatively because variation among treatment 
means was not statistically significant. Up to 18 
and 22% of variation between treatment means 
was observed for ADG and TDN/gain, respec- 
tively. Variation within experimental units, 
however, was relatively large in making observa- 
tions of live-animal traits. This was probably 
due to feeding late- and intermediate-maturing 
animals within the same pen. Live-animal data 
were computed on a pen basis. 
The ADG was similar for the C and OVX 
groups, but tended (P>.05) to be less than for 
other treatments. Although not statistically sig- 
nificant, the BSA-E+TBA treatment seemed 
to have the greatest rates of gain of live weight 
over the feeding trial as well as the least required 
amount of TDN per unit of gain of live weight. 
The OVX treatment seemed to require the most 
feed per unit of gain, but this observation also 
was not statistically significant. Results of re- 
search are consistent with previous observations. 
Spayed heifers fed in the feedlot have not per- 
formed comparably to intact heifers (Horstman 
et al., 1982; Wise and Ferrell, 1984). Hamernik 
et al. (1985) observed that ADG and efficiency 
of gain of OVX heifers tended to be similar to 
intact, control heifers and less than hysterec- 
tomized heifers. Hamernik et al. (1985) con- 
cluded that elevated progesterone concentra- 
tions from maintained corpora lutea of hyster- 
ectomized heifers was important to improve 
growth and performance. Evidently, any loss in 
weight in the presently reported study associated 
with ovariectomy surgery was compensated for 
during the feeding trial. 
Heifers implanted with TBA tended (P>.05) 
to have improved rates of gain and efficiency of 
gain (table 1). Because trenbolone-treated heif- 
ers also possessed less (P<.05) percentage fat of 
the rib (table 2), it could be hypothesized that 
TDN per unit of gain of protein would be sig- 
nificantly greater in the TBA-treated heifers. 
The experimental design of the present study 
did not allow this observation to be made, but 
TDN per unit of gain of protein should be con- 
sidered in future experimentation. Henricks et 
al. (1982) observed improved performance of 
heifers implanted with TBA over a short feeding 
period of 66 d. However, over a long feeding 
period of 99 d, TBA-treated heifers performed 
similar to the control groups. Galbraith (1980) 
observed improved growth rates and feed effi- 
ciency in 365-kg heifers implanted with TBA in 
a 60-d trial. Heifers in the presently reported 
study were fed about 9 mo. 
Although not statistically significant, immu- 
noneutralization f endogenous estradiol tended 
to improve ADG of heifers as compared with 
control or OVX groups. A trend for improved 
efficiency of gain also was observed. Martin et
al. (1978) immunized heifers with BSA-estra- 
dio1-17/3 conjugate and observed normal estrous 
cycles. Wise and Ferrell (1984) observed that 
BSA-E heifers had increased feed efficiency as 
compared with control heifers. Schanbacher 
(1984) reported that immunoneutralization 
provides a simple, non-invasive approach to 
endogenous hormone deprivation. Both active 
and passive immunization can be used to neu- 
tralize the activity of circulating hormones. 
Carcass Characteristics. Live-animal weights 
of treatment groups were similar when data 
were adjusted to constant carcass weights (table 
2). Muscle characteristics evaluated at the 12th 
rib interface, color, firmness, texture and ma- 
turity also were similar among treatment groups. 
Treatment of heifers with the androgenic hor- 
TABLE 1. GROWTH AND PERFORMANCE TRAITS OF HEIFERS 
Trait Control OVX 
Treatment Residual Probability 
BSA-E BSA-E + TBA TBA OVX-TBA SD >F 
Number 14 14 10 
Avg daily gain, kg 1.01 1.01 1.10 
TDN/gain a 5.69 6.11 5.25 
9 15 15 
1.20 1.10 1.08 .08 .36 
4.99 5.64 5.57 .38 .25 
aTotal digestible nutrients per unit of gain. 
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mone, TBA, did not produce dark-colored meat 
that has been observed in meat obtained from 
intact males (Field, 1971). Ovariectomy or im- 
munization also had no effect on color or tex- 
tural characteristics of the lean. 
Heifers treated with TBA tended to possess 
less fat cover and the OVX-TBA group possessed 
less (P<.01) fat cover over the 12th rib than the 
other three groups (table 2). Trenbolone-treated 
heifers also possessed less (P<.01) percent fat in 
the soft tissue of the 9 -10-11th  rib section 
than the control group. Heitzman and Chan 
(1974) and Galbraith (1980) reported greater 
nitrogen retention and a decrease in plasma al- 
bumin in TBA-treated heifers. Schanbacher 
(1984) observed that immunizing intact males 
against estradiol increased rib-eye areas and fat 
thickness. In contrast, Wise and Ferrell (1984) 
observed no differences in water, fat or protein 
content between BSA-E and C heifers. 
Marbling scores did not vary among treat- 
ment groups and did not reflect the variation in 
deposition of rib fat associated with OVX and 
TBA treatments (table 2). Observations indicate 
that TBA may be effective in reducing fat cover 
of carcasses without decreasing marbling con- 
tent. Various fat depot sites apparently respond 
differentially to the influences of TBA. 
The BSA-E+TBA and TBA treatment groups, 
which possessed larger (P<.01) LM areas, also 
tended to possess larger muscle fibers. There 
was not, however, agreater percentage of white 
fibers in TBA-treated groups, but rather a trend 
toward a greater percentage of intermediate 
fibers. When the fiber types were expressed on 
a percentage of the area (not tabulated), the 
trend in increased ominance of the intermedi- 
ate fiber remained. 
Sensory and Textural Characteristics. Sensory 
and textural properties of LM steaks are given 
in table 3. No statistically significant variation 
was observed in sensory characteristics studied. 
Tenderness cores for TBA treatments were 
very similar to those of the C group. Shear 
force values also were similar among treatment 
groups. Therefore, the use of the androgenic 
hormone, TBA, did not decrease meat tender- 
ness as commonly observed in meat obtained 
from intact male cattle (Seideman et al., 1982) 
Sensory panel scores for ease of fragmentation 
and amount of connective tissue support conclu- 
sions of overall tenderness values. Previous work 
by Crouse t al. (1983, 1985) indicated that the 
increased toughness of meat from intact males 
as compared with castrated males was due to 
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variation in connective tissue solubility. Amount  
of  connective tissue in meat samples perceived 
by sensory panelists was similar among treat- 
ments. 
Conclusion 
Combined BSA-E AND TBA tended to be 
superior to either t reatment  alone for eff iciency 
of  gain and rate of gain. The combined treat- 
ment  also tended to produce carcasses with 
greater LM areas. Future studies should con- 
sider muscle mass or protein deposit ion per unit 
of  feed as a measure of eff iciency. Treatment  
with androgenic hormone (TBA)was  effective 
in reducing fat deposit ion and increasing muscle 
mass. Improvement  in growth and carcass char- 
acteristics was not  associated with a change in 
meat sensory characteristics. 
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